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Carbapenems having an externally allcylated ntono- or bicyclic 2-C|uatemary heteroarylalkylthio substituent 

Carbapenems having the formula: 



0 



wherein 



-6 



^ IS a mono- or bicyclic quaternBry heteroaryl, their prepars- 
tion and antibiotic use are disclosed. 
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TITLE OF THE IN\TyTICK 

CAr3APENEKS HAVING P.ll EXTERIIALLY AO^YLATED KCKC- 
OK EI CYC lie 2-QUATEPr7iP.Y KKTERCARYLALKYLTHIC 



BACKGROUND OF THE INVENTION 

The present invention is concerned with 
carbapenens antibiotics having a quaternary mono- or 
bicyclic heteroaryl containing group in the 
2-posit ion. 

Thienanycin is a known carbapenem. broad 
spectrum antibiotic of the formula: 



SUESTITUErr 



OH 




A 
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Other derivatives of A are also known. 

The present externally alkylated mono- or 
bicyclic 2-quaternary heteroarylalkylthio substituted 
carbapenems have an antibiotic spectrum equal to or 
S better than ^. The present carbapenems also are more 
resistant than & to degradation by the 
dehydropeptidase enzyme DHP-I. 

SUMMARY OF THE INVENTION 
10 Carbapenems having the formula: 




I 



wherein R is a quaternizing substi tutent • R is 
20 a ring hydrogen or substituent, L is a covalent bond 



or a bridging group* 
heteroaryl, and 




is mono- or bicyclic 



25 y is a carboxy containing substi tuent* 



30 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention is embodied in a compound 
'having the formula: 




10 



wherein: 
L is 



15 



20 



25 



a covalent bond or a bridging group selected 
from -CCH2)i_4S-; -(CH^) ^^^-O- ; 

'^^"2^1-4"^"^^"2^1.4 ^^^^^ 



NH. 



or N(C^-C^)alkyl : substituted or 



unsubsti tuted C^-C^ straight, Cj^-C^ 
branched or C^-C^ cycloalkyl groups 
wherein the substituents are selected from 



C -C 
1 6 



alkyl. O-C .C_ alkyl. 
1 o 



s-Cj^-Cg alkyl. halo. OH. CF^. CN. 
NH_. NHC.-C. alkyl. N(C--C. 
alkyDg. CO^H. CONHj. CONH (Cj^-Cg 
alkyl), and CON(C -C, alkyl)_: 

1 o 2 



1-3 




30 



is a mono- or bicyclic heteroarylium group 



containing from 5-11 ring atoms of which up 
to 5 are heteroatoms wherein is: 

1) an unsubst ituted or substituted 
C -C^ alkyl radical: 

2) an unsubstituted or substituted 
C.-C- alkenyl radical; 

X D 
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3) an unsubstituted or substituted 
Cj-C^ alkynyl radical; 

4) « ^3"^ cycloalkyl radical in which 
the ring is substituted or 

5 unsubsti tuted and one or nore atoms may 

be replaced by a heteroatom; 

5) a Cj-C^ cycloalkyl methyl radical 

in which the ring may be substituted 
and one or more atoms may be replaced 
10 by a heteroatom; 

6) an unsubstituted or substituted 
Cg-C^ cycloalkenyl radical; 

7) an unsubstituted or substituted 
bivalent C^-C^ alkylidene radical, 

1^ optionally interrupted by a heteroatom. 

and joined to the heteroarylium group 
to form a ring which is carbocyclic or 
in which one or more atoms is replaced 
by a heteroatom. The new ring may 

20 contain one or more double bonds; 

8) an unsubstituted or substituted phenyl 
or heteroaryl radical; 

9) an unsubstituted or substituted phenyl 
(Cj^-C^ alkyl) or heteroaryl 
(Cj^-C^ alkyl) radical; 
a cyano (C^-C^ alkyl) radical; 



25 



30 



10) 



11) a carbamoyl (C^-C^ alkyl) radical; 

12) a hydroxy (C^^C^ alkyl) radical; 
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13) an amino (C^-C^ alkyl) radical in 
which the nitrogen atom is 
unsubstituted or substituted with one 
to three ^j^-C^ alkyl groups: 

14) an acidic side-chain of the structure 

-(CH_) -X- (CH-) -Y-A where: 
z ji 2 in 

n - 0-4 
m - 0-4 

X - CHR» CH-CH. phcnylene (-C^^-), NH. N(C1-C4 alkyl). 

O, S, S-0. C-O.SOy SOjNH. CO^ CONH^OCO^ OC-O, NHC-O; 
R" - H. 0(CI-C4 alkyl). NH^ NH(C1-C4 alkyl). N(C1-C4 alkyl)„ 
CN. CONH, CON(C1^4 alkyD^ CO,H. SO^H_ 

SO^H(Cl-C4 alkyl); 

Y m single bond, NH. N(C1-C4 alkyl). O, S; 

A = an acidic function such as carboxy (CO2H) , 
phosphono TP=0(0n)2]» all^ylphosphono ( P=0 (OH) - 
I CCCj^-C^ alkyl)]}, alkylphosphinyl rP=0(OH)- 
tC^-C^ alkyl)], substituted phosphoramido 
IP=0(0H)NH(C^-C^ alkyl) and P=0 f OH ) NHr'' ] , 
sulfino (SOjH) , sulf o (SO3H) , 5-tetrazolyl 
(CN^H) , arylsulf onamido (SOjNHr'^) and acylsul- 
fonainides represented by the structures 
CONHS02(C^-C4 alkyl), COKHSOjN (C^-C^alkyl) ^ - 
SOjNHCO (C^-C^ alkyl) and SO^l^COK^t ' 

R ^ aryl or heteroaryl as defined above; 
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wherein the substituents in the above definitions of 

are independently selected from the group 
consisting of the definitions of R set out below; 

4 

R is independently selected from: 

a) a trif luoromethyl group; 

b) a halogen atom; 

c) an unsubstituted or substituted 
C^-C^ alkoxyl radical; 

d) a hydroxy group; 

e) an unsubstituted or substituted 
(C^-Cg alkyl) carbonyloxy radical; 

f) a carbamoyloxy radical which is 
unsubstituted or substituted on 
nitrogen with one or two C,-C^ 

1 4 

alkyl groups; 

g) a Cj^-C^ alkylthio radical, 
Cj^-C^ alkylsulf inyl radical or 
Cj^-C^ alkylsulf onyl radical, each 
of which is unsubstituted or 
substituted on the alkyl group; 



h) a sulfamoyl group which is 
unsubstituted or substituted on 
nitrogen by one or two Cj^-C^ alkyl 
groups ; 

i) an amino group; 
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i ) a mono tCj^-C^ alkyl) amino or 

di(Cj^-C^ alKyDaroino group, each of 
which is unsubstituted or substituted 
on the alkyl group; 

5 k) a formylamino group; 

l) an unsubstituted or substituted 

(Cj^-Cg alkyl )carbonylamino radical; 
xn ) a (Cj^-C^ alkoxyl) carbonylamino 
radical ; 

10 Til a ureido group in which the terminal 

nitrogen is unsubstituted or 
substituted with one or two C -C, 
alkyl groups ; 
o) a (C^-Cg alkyl) sulfonamido group; 

15 

p) a cyano group; 

g) a formyl or acetalized formyl radical; 
r) an unsubstituted or substituted 

(C^-C^ alkyl )carbonyl radical 
20 wherein the carbonyl is free or 

acetalized ; 
s) an unsubstituted or substituted 

phenylcarbonyl or heteroarylcarbonyl 

radical; 

25 t; a hydroxininomethyl radical in which 

the oxygen or carbon atom is optionally 
substituted by a C^^-C^ alkyl group: 

^ ^^1*^6 ^^*^°^y )^*^^^"yl radical; 
30 a carbamoyl radical which is 

unsubstituted or substituted on 

nitrogen by one or two C,-C^ alkyl 

groups; 
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w) an N-hydroxycarbanoyl or N(Cj-C^ 

alkoxy)carbamoyl radical in which the 
nitrogen atom may be additionally • 
substituted by a C^-C^ alkyl group; 

x) a thiocarbareoyl group; 



y> an amidino group — n*^ ^N-r' 
10 I 

R^ 



-N^K-R^ 
4« 



Where R^. and R*^ are 
independently hydrogen. C,-C^alkyl 
or wherein two of the alkyl groups 
together form a Cj-C^alkylidene 
radical optionally interrupted by a 
heteroatom and joined together to form 
a ring: 

kr5 

2^ - z) a carboxamidino group C , where 



/ V«R^ 

7 

and R are as 

above : 



^5 6 7 
R « R and R are as defined 



aa) ^ guanidinyl group where R in ab) 
above is NR®R^ and R® and r' 
are as defined for R^ through R^ 
above . 



• 
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ab) hydrogen: 

ac) an unsubstituted or substituted 
Cj^-C^ alkyl radical; 

ad) an unsubstituted or substituted 
Cj^-Cg alkenyl radical; 

ae) an unsubstituted or substituted 
Cj^-C^ alkynyl radical; 

af) a Cj-C^ cycloalkyl radical in which 
the ring is substituted or 

unsubst irt^uted and one or more atoms may 
be replaced by a heteroatom; 

ag) a C^-C^ cycloalkyl methyl radical 

in which the ring may be substituted 

and one or more atoms may be replaced 

by a heteroatom; 
aW an unsubstituted or substituted 

Cg-C^ cycloalkenyl radical; 
ai) an unsubstituted or substituted phenyl 

or heteroaryl radical; 
aj) an unsubstituted or substituted phenyl 

(Cj^-C^ alkyl) or heteroaryl 

(C^-C^ alkyl) radical: and 
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an acidic side-chain of the structure 
-A or -(CH-) -X-(CH,) -Y-A where: 

0-0-4 
m - 0-4 

X - CHR*. CH-CH. pbcnylcnc (-C.H^-). NH. N(C1-C4 ilkyl). 

O, S, S-O. C-O.SO,, SOjNH, CO,. CONH.OCOy OC-O. NHC-O; 
R' - H. CXC1-C4 alkyl), NH,, NH(C1-C4 alkyl). N(C1-C4 alkyi),, 
CN. CONH,. CON(Cl-C4 alkyl),, CO,H, SO,NH,. 

SO,NH(Cl-C4 alkyl); 

Y - single bond, NH. N(C1-C4 alkyl), O, S; 

A » an acidic function such as carboxy (COjH) , 
phosphono r P=o (0?1) ^ 1 > alkylphosphono { V=0 (OH) - 
tC(C^-C^ alkyl)]}, alkylphosphinyl rP=0(OK)- 

alkyl)], substituted phosphor amid o 
rP«0(0H)NH(Cj^-C4 alkyl) and P=OrOH)NHR'*] , 
sulfino CSO-H) , sulf o (SO^H) , S-tetrazolvl 
(CN^H) , a ryl sulfonamide (SOjNHr'^) and acylsul- 
fonamides represented by the structures 
CONHSOj (Cj^-C^ alkyl), COrasOjN (C^^-C^alkyl) j - 
S OjNH CO (Cj^-C^ alkyl) and SOjNHCOr'^; 

r'' = aryl or heteroaryl as defined above; 
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Y is selected from: i) COOH or a pharmaceu- 

tically acceptable 
ester or salt thereof* 
ii) COOR^ wherein is 
5 a removable carboxy 

protecting group* 
iii) COOH wherein M is an 
alkali metal, or 
iv) CO<P: provided that 
10 when y is other than 

iv) a counterion tP 
is provided. 
As used herein, the term "heteroatom" means 
nitrogen, oxygen, or sulfur, independently selected 
15 where more than one heteroatoro is involved. 

Representative L groups are -CH^-. 
-CH(CH3)-. .CHCCjH^)-. "(^^^2^2-^' 
-CHCCH^)-™^-. CH^-CHCOCH^)". 
-CH C CH 3 ) - { CHj ) 2 " • -CH C CH^OH ) -CH^ - . 
20 -CHCCF^j-CH^-. -CH^-CH^-S. -CH^-CH^-O. 

-(CH2)2-S.CH2-. -CCH2)2-0-CH2. a single 
covalent bond, and the like. 

A preferred L group is a substituted or 
unsubstituted C^-C^ linear or branched chain 
25 alkyl. A more preferred L group is -CH2-- 
-CHCCH^). or iCH^)2" 

Examples of useful R"^ groups are -CH^. 

CHj-COOC^-C^ alkyl, -iCa2^ ^'^iC^-C^ alkyl 
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-CH^-COOH. -CCH2)2-SO^H. -CH^ 



® 



N— N 



I 
H 



-(CH2)2-N(CH3)3 and the like. 

Preferred groups are the C.-C. 
alkyls. both substituted and unsubstituted . 
Preferred substituents are CN, 
CONH, 



10 SO^H. SO^NH^ and 



SOCH^. SOjCH^. COjH. 



M N 

II 

N 



15 



20 



25 



30 



Examples of useful R groups are OH. 
NH^. NCC^-C^alkyl) . OCj^-C^alkyl , 

C,-C.alkyl. CN. CF-. CH-,OH and the like. 
14 3.2 

Preferred R groups are CO^H. 
CH2C62H. SO3H. CH2SO3H. CONH2. 
CH2CONH2. CN. CH2CN. SO2NH2 



N 

^ XT 



-N 



N 

1. 



N 



The 



. CH^P{0)(OCH, ) and the like. 
2| 3 

HO 



moiety is mono- or bicyclic 



quaternary heteroaryl group having 5-11 ring atoms of 
which, in addition to the quaternary up to four 

can be heteroatoms. 
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Of particular interest and the most preferred 
group are compounds of the present invention wherein 
the Bubstituent cn the K-containing nono- or 
bicyclic quaternary heteroaryl group in the 2- 
5 position is an acidic function as defined above 
and the Y substituent in the 3-position is COO^ 
as defined above, thus forming a zwitterion with 
the positive charge of the quaternary nitrogen. 

10 The acidic function is anionic and the compounds 
are thus anionic zwitterions, i.e., they have a 
net negative charge. This novel characteristic 
has been found to result in at least one surprising 

15 and important improvement in the biological 

properties of the compounds reduced CNS side-effects. 
A more particular group of the compounds, those wherein 
the acidic function is a sulfoalkyl group of the 
formula IC^_^ alkyDSOg®, have been found to have 

20 the additional surprising and important biological 
property of enhanced potency against Pseudom.onas 
species, an especially important nosocomial 
pathogen. In this most preferred group of compounds, 
it is preferred that the N-containing mono- or 

25 bicyclic quaternary heteroaryl group in the 
2-position is pyridinium. 
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A preferred s-L— T^J^- group is 
Bonocyclic heteroaryl having 5-6 ring atoms and ' 
optionally one heteroatom additional to the N atom 
already present, e.g.. 



10 





15 



V 




and 




3 4 

where R and R are as defined in the preferred 
20 list above. 

A more preferred subclass includes the 
nuclei shown above where R is CH^ and R is 



CH- 



The compounds of Formula I include inner 



25 (Zwitterion) salts when Y is COO^ e.g. 



30 
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or, when Y is other than COO®, salts with an 
external, physiologically acceptable co\interion 
feuch as CI®, Br®„ I®. OCH®, 
OSO^CF^. 0P(0)(0 phenyl)® and the like. 

The inner salts are preferred. 

Again, the compounds of Formula I include 
the stereoisomers as mixtures and as separate isomers 

A preferred isomer configuration is: 



10 



15 



OH 



1 H ^ 
H,C '/ 




S-L- 



la 



20 



25 



30 



The compounds of the present invention (I) 
are valuable antibiotics active against various 
Gram-positive and Gram-negative bacteria and 
accordingly find utility in human and veterinary 
medicine. Representative pathogens which are 
sensitive to antibiotics I include: Staphylococcus 
aureus, Escherichia coli , Klebsiella Pneumoniae . 
Bacillus subtil is . Salmonella tvphosa . Pseudomonas 
and Bacterium proteus . The antibacterials of the 
invention are not limited to utility as medicaments; 
they may be used in all manner of industry, for 
example: additives to animal feed, preservation of 
food, disinfectants, and in other industrial systems 
where control of bacterial growth is desired. For 
example, they may be employed in aqueous compositions 
in concentrations ranging from 0.1 to 100 parts of 
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antibiotic per million parts of solution in order to 
destroy or inhibit the growth of harmful bacteria on 
"ftedical and dental equipment and as bactericides* in 
industrial applications* for example in vaterbased 

5 paints and in the white water of paper mills to 
inhibit the growth of harmful bacteria. 

The compounds of this invention may be used 
in any of a variety of pharmaceutical preparations. 
They may be employed in capsule, powder form, in 

10 liquid solution, or in suspension. They may be 
administered by a variety of means: those of 
principal interest include: topically or parenterally 
by injection (intravenously or intramuscularly). 

Compositions for injection, a preferred 

15 route of delivery, may be prepared in unit dosage 
form in ampules, or in multidose containers. The 
compositions nay take such forms as suspensions, 
solutions, or emulsions in oily or aqueous vehicles, 
and may contain formulatory agents. Alternatively, 

20 the active ingredient may be in powder form for 
reconsti tution, at the time of delivery, with a 
suitable vehicle, such as sterile water. Topical 
applications may be formulated in hydrophobic or 
hydrophilic bases as ointments, creams, lotions, 

25 paints, or powders. 

The dosage to be administered depends to a 
large extent upon the condition and size of the 
subject being treated as well as the route and 
frequency of administration the parenteral route 

30 by injection being preferred for generalized 

infections. Such matters, however, are left to the 
routine discretion of the therapist according to 
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principles of treatment well known in the antibiotic 
art. In general, a daily dosage consists of from 
•about 5 to about 600 ing of active ingredient per kg 
of body weight of the subject in one or more 

5 treatments per day. A preferred daily dosage for 
adult humans lies in the range of from about 10 to 
240 mg of active ingredient per kg of body weight. 
Another factor influencing the precise dosage 
regimen, apart from the nature of the infection and 

10 peculiar identity of the individual being treated, is 
the molecular weight of the chosen species of this 
invention (I ) . 

The compositions for human delivery per unit 
dosage, whether liquid or solid, may contain from 

15 0,1\ to S9X of active material, the preferred range 
being from about 10-60\- The composition will 
generally contain from about 15 mg to about 1500 mg 
of the active ingredient: however, in general, it is 
preferable to employ a dosage amount in the range of 

20 from about 250 mg to 1000 mg . In parenteral 

administration, the unit dosage is usually the pure 
compound I in sterile water solution or in the form 
of a soluble powder intended for solution. 

The preferred method of administration of 

25 the formula I antibiotic is parenteral by i.v. 
infusion, i.v. bolus, or i.m. injection. 

For adults. 5-50 mg of Formula I antibiotic 
per kg of body weight given 2. 3. or 4 times per day 
is preferred. Preferred dosage is 250 mg to 1000 mg 

30 of the Formula 1 antibiotic given two (b.i.d.) three 
(t.i.d.) or four (q.i.d.) times per day. More 
specifically, for mild infections, and particularly 
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urinary tract infections, a dose of 250 ing t.i.d. or 
q.i«d. is recommended. For moderate infections 
against highly susceptible gram positive and gram 
negative organisms, a dose of 500 mg t.i,d. or q.i.d. 

5 is recommended. For severe, life-threatening 

infections against organisms at the upper limits of 
sensitivity to the antibiotic, a dose of 1000 t.i.d. 
or q.i.d. is recommended. 

For children, a dose of 5-25 mg/kg of body 

10 weight given 2. 3. or 4 times per day is preferred; a 
dose of 10 mg/kg t.i.d. or q.i.d. is usually 
recommended . 

Antibiotic compounds of Formula I are of the 
broad class known as carbapenems or 1-carbade- 

15 thiapenems. Certain of these carbapenems are 

susceptible to attack by a renal enzyme known as 
d^hydropept idase (DHP). This attack or degradation 
may reduce the efficacy of the carbapenem antibiotic. 
Inhibitors of DHP and their use with carbapenem 

20 antibiotics are disclosed in the prior art [see 
published European Patent Applications No. 
79102615.6. filed July 24. 1979 (application no. 
15573) and No. 82107174.3. filed August 9. 1980 
(application no. 72014)]. 

25 The present I compounds may. where DHP 

inhibition is desired or necessary, be combined or 
used with the appropriate DHP inhibitor as described 
in the aforesaid published applications. Thus, to 
the extent that the cited European patent applica- 

30 tions 1.) define the procedure for determining DHP 
susceptibility of the present carbapenems and 2.) 
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disclose suitable inhibitors, combination composi- 
tions and methods of treatment, they are incorporated 
herein by reference. A preferred weight ratio of I 
compound :DHP inhibitor in the combination coroposi- 
5 tions is about 1:1. A preferred DHP inhibitor is 
7-CL-2-amino-2-carboxyethylthio J-2-(2.2-dimethyl- 
cyclopropanecarboxamide)-2-heptenoic acid or a useful 
salt thereof . 

These combination compositions and their use 
10 is another embodiment of the present invention. 

The compounds of Formula I may be prepared 
by any convenient process. 

One such process is illustrated in the 
following reaction equations: 

15 

HO 



20 



2S 




30 CO^R* 



2360P/0840A 
2361P/0840A 



-26- 
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HO 




deblock 



(remove R") 



HO 



10 



15 




25 



30 



wherein Z ie a leaving group such as -OPO(O0).. 



20 OSO 



OSO^CFj 



and the like, X is a leaving group such as Br. I, OSO^CF^. 



-OSO^F. OSO^ 
2 2 




or X is an anionic group 



such as BF^. SbF_. PF^ and the like; and is 

4 D 6 

a protecting group such as p-nitrobenzyl or allyl. 

3 4 
R , L and R are as defined above. 

The side chain addition reaction is carried 

out in a solvent such as acetonitr i le« 

dinethylf ornamide. dimethylacetamide or N-ethyl- 

pyrrol idinone in the presence of a base such as 
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N.N-diisopropylethylainine. tr iethylamine or 
4-diinethylaniinopyri«3ine at a temperature of from 

to 25-C for a period of five minutes to ten 
hours. The alkylation reaction is conducted in a 

5 solvent such as dichloromethane. dimethylf ormamide, 

acetonitrile or dimethylacetamide at a temperature of 
from -20-C to 25«'C for a period of 1 to 24 hours. 
The deblocking reaction wherein R» ie p-ni trobenzyl 
is usually conducted in an aqueous system containing 

10 cosolvents such as tetrahydrofuran. ethanol, 

n-butanol, i-amyl alcohol, or ethyl acetate and a pH 
6.8 to 7.0 aqueous buffer. Suitable buffers include 
phosphate buffers and buffers derived from non- 
nucleophilic amines such as N-methylmorpholine or 

15 morpholinopropane sulfonic acid. The reaction is 
conducted at O-C to 40*C for 0.5 to 5 hours under 
1-100 atmospheres of hydrogen in the presence of a 
catalyst such as lot palladium on carbon or 20\ 
palladium hydroxide on carbon. The final products 

20 are purified by ion exchange chromatography and/or 
reverse phase chromatography. When a pharmaceu- 
tically acceptable ester of the final product is 
desired, the deblocking step is omitted and the 
appropriate R- group is incorporated into the 

25 starting material. 



30 
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A second process is illustrated by the 
following set of equations: 




COJB 



wherein Z« X. L, R"", R and and R are 
as defined above. 
30 The difference between the above process and 

that earlier described is that the side chain moiety 
is alkylated with the group R^ prior to addition to 
the carbapenem nucleus. The side chain addition step 
and deblocking are conducted as described above. 
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£• A third process is illustrated by the 

following set of equations: 



HO 




HO 



30 




CO^R* 
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HO 



5 




10 wherein Z. X. L. R**, R and R are as previously 
defined . 

In this case the 2-inercapto intermediate is 
generated from the activated carbapenem upon 
exposure to sodium hydrosulfide in dimethylf ormamide 

15 or dimethylacetamide at a temperature of from -50**C 
to -20*^0 for a period of five minutes to one hour. 
The sulfur atom is alkylated in a solvent such as 
acetonitrile. dimethylf ormamide. dimethylacetamide or 
the like in the presence of a base such as 

20 N.N-diisopropylethylamine. tr i ethyl amine . 

4-dimethylaminopyridine or the like at a temperature 
of from -40»C to 25»C for a period of from ten 
minutes to eight hours. The side chain alkylation. 
removal of R** and purification of I is conducted as 

25 described above. 



30 
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Wherein Z. X. R*. R"*. and R^ are as previously 
defined . 

The difference between this process and* that 
described in process C is that the side chain moiety 
f5 is alkylated with the group R^ prior to addition to 

the carbapenein nucleus. The side chain addition step 
and the deblocking are conducted as described above. 

The following examples illustrate the 
preparation of compounds of Formula I. The 
10 temperature is in degrees Celsius unless otherwise 
indicated . 

EXAMPLE 1 

Step A. 

15 Preparation of p-Ni tr obenzyl C5R, 6S) -6- ( 1 (R ) -hydroxy- 
ethyl ) -2- (2-pyridylmethylthio)-carbapen-2"em-3- 
carboxvlate 2. . 

HO 
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A solution of vinyl phosphate 1 (2.32 g. 4 
minoles) in anhydrous acetonitrile is cooled to -20* 
tice-nethanol ) under a nitrogen atmosphere and 
treated with 2-niercaptoinethylpyridine (0.554 ml, 5.0 
mnoles) and diisopropylethylamine (0.871 ml. 5.0 
rorooles). The resulting mixture is stirred at -20 to 
•15* for 60 minutes during which time a precipitate 
formed. The mixture is diluted with ethyl acetate 
(16 ml) and aged at -15* to -5* for 30 minutes. The 
precipitate is collected, washed with ice-cold ethyl 
acetate and dried in vacuo to give the product (1.095 
g) as a white solid. 

The filtrate and washings are diluted with 
ethyl acetate, washed with O.IM pH 7 phosphate buffer 
15 two times and brine, dried over magnesium sulfate, 
filtered and concentrated to a semisolid. This 
material is triturated with ethyl acetate and ether 
two times and dried in vacuo to yield an additional 
0.498 g of product. Total yield of 2 is 1.593 g. B7X. 

20 



25 



30 
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Step B. 

(Preparation of C5R, 6S)-6-{l {R)-hydroxyethyl ) -2- (1- 
iBethy2-2-pyridiniuin)»ethylthio-carbapen-2-ein-3- ' 
carboxvlate 4. 



10 



HO 




ro^PNB 



CO^PNB 



15 



20 



«2 
Pd 



HO 




To a magnetically stirred solution of 2 
25 (0.853 g. 1.87 mmole) in 15.3 ml of dichlor oroethane 
is added methyl f luorosxjlf onate (0.160 ml. 1.97 
mroole) at room temperature. The reaction is followed 
by UV assay of removed aliquots of the solution. 
After two hours, a yellow oil separates and the UV 
30 absorbance at 318 nm of the dichloromethane layer 

drops ,to 4\ of original. The upper layer is decanted 
and the lower layer washed two times with 5 ml 
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portions of dichloromethane. The residual oil is 
assayed by UV for 3. then pumped to a foam in vacuo . 
The crude 1 thus produced is dissolved in a mixture 
Of 6 ml of N.N-dimethylacetamide. 37 ml n-butanol. 19 
5 ml ethyl acetate and 37 ml 0.5N N-methylmorphol ine-HCl 
pH 7.0 buffer and 2B0 »g of 20\ palladium hydroxide on 
carbon added. The mixture is hydrogenated at 42 psi 
with shaking for 70 minutes. At the end of this 
period, the mixture is removed, filtered through a 
prewashed celite bed with 5 to 10 ml water and the 
organic phase discarded. The aqueous phase is washed 
with 2 X 50 ml of dichloromethane and concentrated in 
vacuo to a volume of 23 ml. The solution of crude 
product is charged onto a 2.8 X 38 cm column of Dowex 
50-X4 (Na* cycle) at 5» and eluted with water. The 
eluate is monitored by UV and fractions containing 
the desired product are pooled, concentrated to 150 
ml and lyophilized to yield 272 mg of final product 4. 

20 Step C. 

Preparation of l-methyl-2-mercaptomethyl-pyridinium 
perehlorate 7. 



10 



15 




30 




'sCCH, 




CH3 Ocio^ 
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To a solution of 2-picolyl chloride 
hydrochloride (5.00 g. 30.5 amol) and potassium thio 
acetate (4. IB g, 36.6 inmol) in 50 ml N.N-diroethyl- 
f orina.inide. triethylanine (4.25 ml. 30.5 minol) is 

5 3dded slowly to yield a pink solution. The mixture 
is heated to 80' and held there for 2 hours, after 
which time the solvent is removed in vacuo to yield a 
brown oil. The residue is taken up in ethyl acetate, 
washed with water and brine, dried over magnesium 

10 sulfate, filtered and concentrated to yield crude 5. 
as a dark oil (5.0 g). 

Thioester 5 (2.0 g. 12 mmol) is dissolved in 
10 ml N. N-dimethylf ormamide under nitrogen and methyl 
iodide (7.5 ml. 120 mmol) is added dropwise. The 

15 mixture is stirred 20 hours at room temperature, then 
the solvent is removed in vacuo to yield a brown 
powder which is triturated with dichloromethane. 
filtered and dried in vacuo to yield 2.21 g of 6, as a 
tan powder. Additional material (1.07 g) is obtained 

20 by concentration of an aqueous extract of the 

dichloromethane wash from the trituration step, (nmr 
(D^O)^ 2.49 (s): 4.42 (s); 7.9 to 9.0 (m). 

Pyridinium thioester 6 (102.7 mg. 0.33 mmol) 
is suspended in 0.63 ml 2N methanolic perchloric acid 

25 and stirred at room temperature under nitrogen for 66 
hours. The resulting tan suspension is filtered and 
the solid washed with ether to give 51.7 mg of thiol 
7 as a tan powder (nmr (0^0)^4.23 (s): 4.43 (s), 
7.8 to 8.6 (m) . 



30 
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Step D 

Preparation of (5R.6S)-6-(l(R)-hydroxyethyl)-2-(l- 
methyl-2-pyridini.um)iaethylthio-carbapen-2-eni-3- 
carboxylate 4. 



5 




To a solution of vinyl phosphate 1 (58 mg. 
0.1 minol) and thiol 7 (34.9 mg) in 0.32 ml of N.N- 
dimethylacetamide at -20" under nitrogen is added 

25 N.N-diisopropylethylamine (34.8 vl. 0.2 mmol). The 
mixture is aged 25 minutes at -20«* then transferred 
directly to a hydrogenation vessel with 1.9 ml 
i-propanol, 1.0 ml ethyl acetate and 1.9 ml water. 
Phosphate buffer (pH 7. O.IM. 1.0 ml) and 20% 

30 palladium hydroxide on carbon (15 mg) is added and 
the mixture hydrogenated at 46 psi for two hours. 
The catalyst is removed by filtration and the 
filtrate diluted with 5 ml ethyl acetate and 5 ml 
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water. The aqueous phase is separated, washed with 
ethyl acetate, concentrated to ca. 1 ml v^c^o ^^d 
the product purified by chromatography on Dowex ' 
50 -X4 (Na'*') as described above to yield 6.3 mg of 
5 product 4.. 

EXAMPLE 2 

Step A. 

Preparation of p-Nitrobenzyl (5R. 6S)-6-(l-R-hydroxy- 
10 ethyl ) -2- (3-pyridylmethylthio) -carbapen-2-em-3- 

carboxvlate 8« 




25 



HO 




CO^PNB 



30 



f Tr> a solution of p-ni trobenzyl (5R, 65)-6-(lR- 
hydroxy ethyl ) -2-diphenylphosphonoxy-carbapen-2-em-3- 
carboxylate 1. (116 mg) in acetonitrile (0.3 ml) 
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cooled in an ice-bath, is added diisopropylethyl- 
amine (35 ml) and 3-nercaptoinethylpyridine (25 vl). 
A precipitate forms within a few minutes. After' one 
hour the mixture is diluted with methylene chloride 

5 and filtered. The filter cake is washed with 

methylene chloride and dried by suction leaving 
substantially pure p-nit robenzyl (5R.6S)-6-(l-B- 
hydroxyethyl )-2-(3-pyridylmethylthio) carbapen-2-em- 
3-carboxylate (52 mg). The combined filtrates are 

10 washed twice With pH7 phosphate buffer, dried over 

anhydrous magnesium sulfate and evaporated to give an 
additional 17 mg of crystalline product 8.. Total 
yield 77\. TLC. silica gel. SX MeOH/CHCl^. « 
0.21. 

15 

Step B. 

Preparation of {5R.6S)-6-(l-R-hydroxyethyl)-2- 
C 1 -methyl -3-pyridiniumme thy Ithio) -car bapen-2-em- 
3-carboxvlate 9. 

20 

HO 



25 
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To a suspension of p-ni trobenzyl {5R.6S)-6- 
(l-(R)-hydroxyethyl)-2.(3.pyridylinethylthio)-carbapen- 
g-em-a-carboxylate (61 mq) in methylene chloride (2 
ml) is added atethyl f luorosulf onate (12 yl). The 

5 mixture is stirred at room temperature for one hour. 
The solid changes appearance without dissolving. The 
solvent is evaporated in a stream of nitrogen leaving 
a powder consisting of p-ni trobenzyl (5R. 6S)-6- (l-F- 
hydroxyethyl)-2-(l-inethyl-3-pyridiniummethylthio) - 

10 carbapen-2-em-3-carboxylate f luorosulf onate salt. 

This is dissolved in a mixture of 8 ml THF and 8 ml 
of 0.05M pH 7 phosphate buffer and hydrogenated in 
the presence of 40 mg of 10\ Pd/C catalyst at 45 psi 
for 2 hours. The catalyst is filtered and the 

15 filtrate is extracted once with 30 ml of ether. The 
aqueous solution is adjusted to pH 6.8 by the 
addition of solid sodium bicarbonate and applied to 
an ice-water jacketed column (1.5 X 24 cm)of Dowex 
50. Ka* cycle resin (200 to 400 mesh). The column 

20 is eluted with de-ionized water taking 20 ml 
fractions. Fractions 6 to 10 are combined, 
concentrated to 10 ml and lyophilized giving the 
titled product 9. as a cream colored powder (50 rag). 
U.V.^max at 265 and 296 nm of equal intensity EX 

25 233, 86t NH^OH extract. NMR (D^O)/ 1.26 (d. 

J.6.5 Hz), 3.02 (dd. J«9 and 18 Hz). 3.15 (dd. J«10 
and 18 Hz). 3.39 (dd. J.2.8 and 6Hz ) . 4.2 (m). 4.3 
(ABq), 4.4 (s). 8.04. 8.57. 8.9 (ar). 

30 
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EXAMPLE 3 

Step A. 

-preparation of 4- (acetyl thiomethvl ^thiazole 10. ' 

5 




10 

10 

To an ice-cooled solxition of 4-thioroethyl- 
thiazole (2g, 0.0152 mole) in methylene chloride (20 
ml) is added tr iethy lamine (2.1 ml. 0.0152 mole) and 

15 acetyl chloride (1.08 ml. 0.0152 mole). A 

precipitate forms immediately and after 10 minutes 
the mixture is filtered, washed twice with pH 7 
phosphate buffer, dried over anhydrous magnesium 
sulfate and evaporated. Distillation of the residue 

20 at 7mm/117-119*^C gave 2.23 g of the title compound as 
a clear liquid. BSX yield. 

Step B. 

Preparation of 3-methyl-4.thiomethyl thiazolium 
25 perchlorate 11. 
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To an ice-cooled solution of 
4-acetylthioniethylthiazole (Ig. 0.0058 nole} in 
^cetonitrile (5 ml) is added methylf luorosulf onate 
(0.49 ml. 0.0058 mole) dropwise. The reaction is 

5 warned to room temperature and gives 1.5 g of a white 
solid upon treatment with ether. The solid is 
suspended in methanolic 2N HCIO^ and slowly 
dissolves over 18 hours at room temperature. The 
title compound (0.23g« 84% yield) is collected upon 

10 addition of ether. 



HO 




30 



4 
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Step C. 

Preparation of p-ni trobenzyl (5R. 6S)-6-(l-R-hydroxy- 

ethyl)-2-(4-thia2olyl«ethylthio)-carbapen-2-eni-3- 
carboxvlate 12 

5 P-Nltrobenzyl (5R.6S)-6-<i-R-hydroxyethyl)- 

2-dlphBnylphoBphonoxy-cacbapen-2-em-3-carboxylate i 
(0.406 g. 0.70 ininoles) is dissolved in anhydrous 
acetonitrile {3 cc) and is cooled in an ice-bath 
under N^. Diisopropylethylamine (122 vl. 0.70 

10 mmoles) and 4-thiomethylthia2ole (70 vl. 0.70 mmoles) 
are added simultaneously and a precipitate forms 
within a few minutes. After 30 minutes the mixture 
is filtered and the collected solid is washed with 
ethyl acetate giving 0.21 g of the title compound 12. 

15 yield 69%. 

Step D. 

Preparation of (SR. 6S)-6- ( l-R-hydroxyethyl)-2- (3- 
methyl-4-thia2oliummethylthio)carbapen-2-em-3- 
20 carboxvlate 13. 




To an ice-cooled suspension of p-nitro- 
benzyl (SR. 6S)-6- (l-R-hydroxyethyl)-2- (4-thiazolyl- 
aethylthio)-carbapen-2-em-3-carboxylate ^2 (.45 g. 
O.i mmoles) in acetonitrile (Icc) is added methyl 
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25 



30 
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f luoroBulf onate (8.5 pi, 0.1 wmoles). The mixture is 
warmed to room temperature and the solid gradually 
dissolved over 30 minutes. The solvent is then ' 
evaporated in a stream of nitrogen and the resulting 
semi-solid is dissolved in tetrahydrof uran (8 ml), pH 
6.5 phosphate buffer (4 ml) and H^O (4 ml) and is 
hydrogenated for 2 hours at 45 psig in the presence 
of 10\ Pd/C (50 mg). The catalyst is filtered and 
the filtrate is washed once with ether. The aqueous 
layer (pH 6.2) is concentrated to Sec and is placed 
on a column (27.5 x 1.5 cm) of Dowex 50W-X4 200-400 
mesh sodium-cycle resin. The column is eluted with 
de-ionized water and the fractions between 100 ml and 
270 ml are collected, concentrated to 8 cc and 
lyophillized to give 10 mg of H as a light yellow 
'powder . 

UV (H^O) \ max at 245 and 295. 

NMR (selected resonances) (D^O) ^ 1.28 {3H. d. 
J«6.5H2). 3.42 (IH. dd. J«2.8. 6.1 Hz). 4.25 (3H. s). 
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Step E. 

C5R. 6S)-6-(l-R-hydroxyethyl )-2-(3-inethyl-4-thia20li\iiD 
aethvl thio) -carbapen-2-ein->3-carboxYla te 13 . ;_ 

5 HO 




10 CO^PNB 
1 



OH 




A solution of p-nitrobenzyl (5R.6S)-6- 
(l-R-hydroxyethyl ) -2-diphenylphosphonoxy-carbapen- 
2-ein-3-carboxylate 1 (7.43 g. 0.0128 nole) in N.N- 

25 dimethylacetamide (38 ml) is cooled to -20*C in an 
ethylene glycol /H^O/dry ice mixture and is treated 
with 3-methyl-4-thiomethylthia2olium perchlorate IX 
(3.13 g. 0.0128 mole) and diisopropylethylamine (2.2 
g« 0.0128 mole). After 30 minutes the reaction 

30 mixture is added to butanol (200 cc)* ethyl acetate 
(120 cc), de-ionized water (200 cc) and pH 6.8 O.SN 
N-methylmorpholine buffer (350 cc) and is 
hydrogenated for 2 hours in the presence of 5 g of 
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25 



20\ Pd(OH)2/C. The catalyst is filtered and the 
filtrate is washed several times with methylene 
chloride. The pH is adjusted to 6.7 with solid ' 
sodium bicarbonate and the aqueous layer is placed on 
a (9.75 X 23 cm) Dowex 50W-X4 200-400 mesh sodium 
cycle column. The column is eluted with de-ionized 
water and a center-cut fraction is taken, 
concentrated and lyophilized to give 3.1g of the 
title compound 13, as a light yellow powder. 

EXAMPLE 4 

Step A : Preparation of p-Ni trobenzyl (5R. 6S)-2-{4- 
pyridylmethylthio) -6 [ 1 (R) -hydroxyethyl ]- 
carbapen-2-em-3-carboxvlate ( 14 ) 

HO HO 



A suspension of p-ni trobenzyl (5R.6S)-2- 
(diphenylphosphono)oxy-6[l (R) -hydroxyethyl ]-carbapen-2- 
em-3-carboxylate (2.50 g, 4.31 mmol) and 4-pyridine- 
methanethiol hydrochloride (0.73 g/ 4.52 mmol) in 
anhydrous acetonitrile (9.0 ml) was cooled in an 
ice-water bath and treated with N»N-di isopropyl- 
ethylamine (1.6 ml, 9.05 mmol). A solution formed 
which rapidly developed into a suspension. After 
stirring at 0** for 30 minutes, the suspension was 
filtered and the white solid washed with cold 
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acetonitrile and vacuum dried to provide the title 
compound 14 {1.71 g). 

JIMR CDMSO d^) ^1.13 (d. J.6.3H2. CH^CH). 3.1-3.4 

(m. CHCH^. H6). 3.95 (sextet, J 6H2. CHOH), 4.13 
5 (dt. J-9.4. 2.7H2. H5). 4.25 (ABq. J-14.2H2. SCH^ > . 

5.09 (d. J-4.9HZ, CHOfi). 5.38 (ABq. J-14.2H2. 

CHjAr). 7.41 (dd. J«4.5. 1.5H2. pyr). 7.70 (d. 

J-8.8H2. Ar). 8.24 (d. J.8.8H2. Ar). 8.55 (dd. J«4.5. 

1.5H2. pyr). 
10 IR (Nujol) 3150. 1785. 1680. 1595 cm"^ 

UV (p-dioxane) ^ max 319 nm C6.12.700). 

265 nm (£12,800) 

m.p. 159-160" (dec) 

15 Step B: Preparation of p-Nitroben2yl (5R. 6S)-2-(l- 

methyl-4-pyridiniummethylthio)-6[l(R)-hydroxy- 
ethyl ] car bapen-2-em-3 -car boxy late f luoro- 
sulfonate (15) ^ 




A suspension of p-ni troben2yl (5R.6S)-2-(4- 
pyridiniumffiethylthio)-6tl(R)-hydroxyethyl]carbapen-2- 
en-3-carboxylate 14. (1.70 g. 3.73 mmol) in 
30 dichloromethane (37 ml) was cooled in an ice-water 
bath and treated with methyl f luorosulf onate (0.32 
ml. 3.93 mmol). After stirring at ©• for I hour, the 
reaction had deposited a viscous yellow oil. The 
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dichloronethane was decanted and the residue washed 
with dichloromethane and briefly punped under 
vacuum. The residue was triturated with i-propanol 
to give a yellow solid which was recovered by 
filtration and vacuum dried to afford the title 
compound 15. (2.08 g). 

NMR (DMSO-dg)<^ 1.12 (d, J«6.2Hz. CH^CH). 3.12 
(dd. J»18.6. 8Hz. CHCH-H_). 3.3 (dd. J=18.6, 
lO.OHz. CHCH^Hg). 3.30 (dd, J«6.3. 3H2. H6 ) . 3.95 
(p. J 6Hz. CHOH). 4.11 (dt, J«9.3Hz, H5), 4.31 (s. 
NCH^). 4.50 (s, CHj, Pyr). 5.38 (ABq. J«14.2Hz, 
CH^Ar). 7.71 (d. J=8.7Hz. ArNO^). 8.13 (d. 
J=6.6Hz. Pyr). 8.25 (d. J-8.7HZ. ArNO^). 8.91 (d. 
J»6.6Hz. Pyr). 

IR (Nujol) 3520. 1765. 1690. 1645, 1600 cm~^ 
UV (MeOH) Xmax 314 (£11.000). 262' (£13.200) 

Step C : Preparation of p-Ni trobenzyl (5R. 6S)-2-(l- 

methyl-4-pyridiniummethylthio) -6 1 1 (R)-hydroxy- 
ethvl 'lcarbapen-2-em-3-carboxvlate (16) 




15 




16 
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A solution of p-ni trobenzyl (5R, 6S)-2-(l- 
aiethyl-4-pyridiniuinniethylthio)-6[l(R)-hydroxyethyl)- 
«rbapen-2-ein-3-carboxylate 15 (1.90 g, 3.34 minol) in 
N-ethylpyrrolidinone (19 ml) was nixed with n-butanol 

5 (66 ml), ethyl acetate (32 »1), water (66 ■!). and 
0.5M pH 7.0 N-nethylnorpholine-hydrochloric acid 
buffer. The resulting two phase mixture was treated 
with 20\ palladiun hydroxide on carbon (1.9 g) and 
hydrogenated on a Parr shaker at 45 psi for 75 

10 minutes. The mixture was filtered through a celite 
pad and the organic phase which separated was 
discarded. The aqueous phase was washed twice with 
dichloromethane and concentrated under vacuum to ca . 
48 ml. This solution was charged onto a column of 

15 Dowex 50W-X4 resin (sodium form. 200-400 mesh. 5.0 cm 
diameter x 30 cm) which was eluted with water in a 
cold room at 20 ml fractions/1.0 minute. Fractions 
105-180 which contained product were combined, 
concentrated under vacuum and lyophilized to afford 

20 the title compound 16, (189 mg) as a light tan-colored 
fluff. 

NMR iT>2^) S 1.25 (d, J.6.3HZ. CH^CH) . 3.02 (dd, 
J-17.3. 8.7Hz. CHCH^Hg). 3.07 (dd. J-17.3. 9 . 5Hz . 
CHCH^Hg). 3.37 (dd. J«5.9. 2.7Hz. H6). 4.11 (dt, 
25 J-9.2. 2.4Hz. H5). 4.20 (p. J 6Hz. CHOH) . 4.36 (6. 
NCH^). 8.06 (d. J-6.7HZ. pyr ) . 8.71 (d. J»6.7Hz. 

pyr ) . 

IR (Nujol) 3350 (br). 1758. 1641. 1587 cm"^ 
UV (water) Xnax 297 nm (t7,710), 258 
30 (£^.850): (water ♦ NH^OH.HCl) 

extinguished ^max 296 nn ( 6.850) 
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EXAMPLE 5 

Step A : Preparation of p-Ni trobenzyl {5R. 6S)-2-{4- 

pyridylthio)-6[l(R)-hydroxyethyl Icarbapen-Z- 
env-J-^arboxvlAL^ 



10 





A solution of p-nitrobenzyl (5R. 6S)-6[1(R)- 
hydroxy ethyl ] - 2-oxocarbapenan)-3 (R) -car boxy late (200 

IS mg, ,0.574 nmol) in acetonitrile (0.60 i&l ) was treated 
at ice-water bath temperature with diphenylchloro- 
phosphate (0.125 ml, 0.603 viniol) and NtN-diisopropyl- 
ethylaroine (0.119 ml. 0.683 mmol). After stirring at 
O"" for 25 minutes, the reaction was treated with 

20 additional N.N-diisopropylethylamine (0.110 ml. 0.612 
mmol) and a solution of 4-mercaptopyridine (95.6 mg. 
0.816 mmol) in N. N-dimethylf ormamide (0.7 ml) and 
acetonitrile (2.2 ml). The reaction solution was 
stirred 3.5 hours at 0* and diluted with ethyl 

25 acetate. The solution was washed with SX aqueous 
sodium bicarbonate solution, dried over anhydrous 
MgSO^ . filtered, and evaporated under vacuum to 
provide the title compound as a foam (286 mg). 

The crude product was chromatographed on a 

30 column of silica gel (29 g) eluted with 10\ ethanol 
In ethyl acetate. Fractions containing compound 17^ 
were combined and concentrated to a foam (147 mg) 
under vacuum. 
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NMR (DMSO-dg) i 1.09 (d. J-6.5HZ. CH^CH) , 2.82 
(dd. J-10.1. 18.0H2. CHCH^Bg). 3.05 (dd. J-8.3. 
18.0H2. CHCH^CHg). 3.38 (dd . J.3.0, 5.8H2. H6 ) . 
3.96 (sextet. J 6H2. CHOH). 4.15 (dt. J-3.0. BHz. 
5 H5). 5.06 (d. J-5.0. Hz. CHOii) . 5.46 (ABq. J.14.0Hr. 
CH^Ar). 7,65 (dd. J-1.4. 4.5H2. pyr). 7.77 (d. 
J-8.9H2. ArNOj). 8.30 (d. J.B.9H2. ArNOj ) . 8.65 
(dd. J»1.4. 4.5H2, pyr). 

IR (CH^Clj) 1770. 1718. 1690 cm"^ 
10 ns 441 (M*). 330 (H* - CgH^NS). 246 (330 - 
C^H^O^). Ill (246 - C^HjNOj). 

Step g: Preparation of p-Nitrobenzyl (5R. 6S)-2-(4- 

pyridylthio)-6tl(R)-hydroxyethyl]carbapen-2- 
ein-3-carboxvlate (19> 



15 



20 



25 



30 



HO rsdf 



17 




COjPNB 



18 



HO 




A solution of p-nitroben2yl (5R. 6S)-2-(4- 
pyridylthio)-6[l(R)-hydroxyethyl]-carbapen-2-ein-3- 
carboxylate H (70 »g. 0.17 nmol) in dichloromethane 
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(3.0 ml) was stirred in an ice-vater bath and treated 
with methyl f luorosulf onate (21 vl. 0.26 mmol). 
After Btirring 15. ninutes. the cold solution vas 
nixed with ether ( 10 ml) and filtered. The 

5 recovered quaternary salt U. vas dissolved in 

tetrahydrof uran (3.5 ml) and aqueous 0*1N pH 2.1 
phosphate buffer (3.5 ml). The solution was treated 
with 10% palladium on carbon and hydrogenated on a 
Parr shaker at 45 psi for 1 hour. The catalyst vas 

10 removed by centr if ugation and the decanate was diluted 
with water (2 ml), and vashed vith ethyl acetate. 
The aqueous phase vas briefly concentrated under 
vacuum to ca. 5 ml and charged onto a column of Dovex 
50W-X4 (sodium form« 200-400 mesh, 1.5 x 36 cm). The 

15 column vas eluted vith vater in a cold room at 6.0 ml 
tract ions/2 . 5 minutes. Fractions 27 to 47 vhich 
contained product vere combined, concentrated under 
vacuum, and lyophilized to afford the title compound 
19 (7 mg) . 

20 NMR (DgO)^ 1.30 (d, J-6.5H2, CHCH^ ) . 3.08 (dd, 
J»8.9, 17.8H2. CHCH^Hg). 3.22 (dd, J.10.0, 
17.8H2. CHCH^Hjj), 3764 (dd, J«=3.1, 6H2, H6 ) , 4.25 
(s, N-CH^). 4.30 (p. J 6H2, CHOH) . 4.43 (dt. 
J.3.I. 9.5Hz, H5). 7.83 (d, J«7.5H2, pyr). 8.50 (d. 

25 J«7.5H2, pyr). 

UV (vater ) X nid3c 303 nm (^9,820). 



30 
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EXAMPLE 6 

Preparation of p-Nitrobenzyl (SR. 6S)-6[I(R)- 
hydroxyethylJ2-t (l-methyl-5-lmida2olyl)methyl- 
thiolcarbapen-2-em-3-carboxylate f 20) 



10 




NaHS 



(-N !! ro. 



PNB 



15 CI 



20 



25 



30 





A solution of vinyl phosphate 1. (674 mg, 
1,16 mmol) in anhydrous N.N-dimethylf ormamide (TOtF. 
3.9 ml) was cooled in a dry ice-acetonitr lie bath 
{-40*0 under a atmosphere and treated dropwise 
over 2 minutes with a solution of sodium hydrogen 
sulfide (68.4 mg. 1.22 mmol) in DMF (2 ml). The 
reaction mixture was treated with N,N-diisopropyl. 
ethylamine (0.647 ml. 3.72 mmol). stirred at -40»C 
for 20 minutes, then treated dropvise with a solution 
of 1-me thy 1-4-chloromethyl imidazole hydrochloride 
(203.6 mg. 1.22 mmol) In DMF (2.4 ml). After 
stirring an additional 20 minutes at -40<'C. the 
reaction mixture was diluted with ethyl acetate (100 
ml), washed with water (4 x 100 ml) and brine, dried 
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10 



lb 



with MgSO^, filtered, and evaporated in vacuo to 
jive a yellow-brown solid (367 mg). This material 
was triturated with 1:1 ethyl acetate-ether and dried 
in vacuo to afford the title compound 20 (250 ing, 
47\) as a yellow-brown solid. 

IR (Nujol) 1/max 1769, 1690. 1517. 1333 cm~^: 

UV (dioxane) Xraax 319 nm (£-12.600). 267 (11.900); 

NMR (CDClj)?) 1.37 (d. J-6.3HZ. CH^CHOH). 3.14 

(dd. J«17.8 and 8.6H2. CHCHaHb). 3.21 (dd. J.2.7 and 

6.7Hz. H6). 3.42 (dd. J-17.e and 9.7Hz. CHCHaHb). 

3.68 (B. KCHj). 4.03. 4.12 (ABq. J. 14.6Hz. SCH^). 

4.25 (m. H5 and CH^CSOH) . 5.23. 5.50 (ABq. 

J-13.8HZ, CH^Ar). 7.00 (B. imidazole-H) . 7.47 (b. 

imidazole-H). 7.65 (d. J«8.7Hz. 2 ArH) . 8,22 (d. 

J=8.7Hz. 2ArH). 



20 



Step B : Preparation of p-Nitrobenzyl (5R.6S)-6[1(R)- 
hydroxyethyl]2-I {1.3-dimethyl-4-imidazolium)- 
methylthio]carbapen-2-em-3-carboxylate f luoro- 
sulfate (21) 



25 




CHjOSOjF 



30 
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A Eolution of cacbapenem derivative 20 
(223.6 lag, 0.49 mmol) in anhydrous methylene chlpride 
(10 ml) was cooled in an ice-bath and stirred under a 
nitrogen atmosphere while a solution of mttLhyl 

5 fluorosulfate (0.042 ml. 0.52 mmol) in methylene 

chloride (2 ml) was added dropwise over 5 minutps. A 
gummy precipitate formed which, on continued stirring 
at 0*C. gave way to a fine, cream colored solid. 
After 30 minutes, the solid was collected, washed 

10 with methylene chloride (2 x 10 ml), and dried in 

vacuo to give 21 (228 mg) as a cream colored powder. 

IR (Nujol) ^''max 1767. 1691. 1620. 1290 cm'^: 

UV (10:1 dioxane-water) ^max 316 nm (€,12.500). 271 

(11.300). 

15 

Stej2_C: Preparation of (5R. 6S)-6[l(R)-hydroxyethyl]- 
2-[ ( 1.3 -dimethy 1-4- imidazolium) methyl thio]- 
carbapen-2-em-3-carboxylate f22^ 




25 21 




22 
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The imidazolium salt 11 (221 mg, 0.386 mmol) 
yas taken up in a mixture of n-butanol (20 ml), ethyl 
acetate (10 ml), water (20 ml)« and 0.5M pH 6.8 
N-methylmorpholine-hydrochloric acid buffer (10 al}» 

5 treated with 20% palladium hydroxide on carbon (100 
mg). and hydrogenated at 45 psi for one hour. The 
mixture was filtered through a celite pad to remove 
the catalyst which was washed with additional water. 
The aqueous portion of the filtrate was washed three 

10 times with methylene chloride, concentrated in vacuo 
to ca. 3 ml. and loaded onto a column of Dowex 50W-X4 
resin (sodium form. 200*400 mesh. 2.5 x 34 cm) which 
was eluted with de-ionized water in a cold room at 
400 drop fractions every 5*1 minutes. The product 

15 containing fractions (23-32, 242 ml) were located by 
uv. concentrated ^n vacuo , and lyophilized to yield 
the title compound 22. (69 mg) as a white, amorphous 
solid- 

IR (Nu jol)!*" max 3400 (br). 1750. 1590 cm"^; 
20 uv {0.05M pH 7.0 HOPS))^max 297 nm (96* NH^OH 
extinguished. £ ext • . 7 . 900) ; 

NMR (D2^)Sl.28 (d. J.6.4HZ. CH3CHOH) . 3.09 (dd. 
J. 8. 6 and 17.5Hz. CHCHaHb). 3.24 (dd. J«9.5 and 
17.4Hz. CHCHaCHb), 3.42 (dd. J»2.6 and 6.0Hz. H6 ) . 
25 3.85 (6. NCHj). 3.86 (s. NCHg ) . 4.07. 4.21 (ABq. 
J«15.5Hz. SCHj). 4.18 (m. H5). 4.23 (pentet. 
J«6.4Hz. CHjCHOH). 7.43 (brs. imldazole-H) , 8.66 
(brs . imidazole-H) . 

30 



01 67139 



16330IK 



BNSDOCID: <EP 0167139A1 J_> 



A 671 39 



-58- 



16330IK 



* EXAMPIE 7 



Step A ; 




HS 




IPr^Et 



►,PNB 



MeCN 




p-Nitrobenzyl (5R, 6S) -6- [1 (R) -hydroxyethyl] -2- (3- 
pyr idazinylinethylthio)carbapen-2-ein 3-carboxylate 



(diphenylphosphono) oxy-6- [1 (R) -hydroxyethyl] carbapen- 
2-em 3-carboxylate (540 xng, 0.93 xnmol) in anhydrous 
acetonitrile (5 cc) was cooled in an ice-bath under a 
nitrogen atmosphere and was treated with N,N-diiso- 
propylethylamine (162 pi, 0.93 mmol) followed by the 
dropwise addition of S-mercaptomethylpyridazine *(117 
mg, 0.93 mmol). A solid rapidly precipitated and 
after 30 minutes the suspension was diluted with 
ethyl acetate and was filtered giving the title 
compound (308 mg) as a white solid. The mother 



3-Mercaptomethylpyr idazine 

K. Yu. Novitsuii, N. K. Sadovaya, E. P. 
Kas'Yanova, L. K. Semna, Khiroiya Geterotsiklicheskikh 
Soedinenii Vol 6, No. 3, pp 412-414 (1970). 



A solution of p-nitrobenzyl (5R^6S)-2- 
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liquors were washed with O.lN pH 7 phosphate buffer, 
dried over magnesium sulfate, filtered and evaporated 
under vacuum. The residue was chromatographed on a 1 
mm X 20 cm X 20 cm silica gel GF plate, using 5% 
ethanol-methylene chloride as a developing solvent, 
to give additional product (28 mg) as a white solid, 
mp Ise^C (dec) Thomas Hoover Capillary Melting Point 

Apparatus (uncorrected) 
IR (Nujol) B-lactam-v? max 1740 cm~^ 
NMR (CDCI3) ^1.31 (d, J=6.1 Hz, CH3CHOH), 3.09 

(dd, J-8.9, 18.1 Hz, CHgHjj), 3.17 (dd, J«2.8, 
6.5 Hz, H6), 3.61 (dd, J=9.8, 18.1 Hz, CH^H^^) , 
4.20 (m, H5), 4.20 (m, CH3CHOH) , 4.28+4.31 
(ABg, J=14.8 Hz, S-CHj) # 5.21+5.48 (ABq, J«14.0 
Hz, CH2Ar), 7.52 (dd, J»5.0, 8.0 Hz, 
pyridazinyl H5) , 7.63 (d, J«8.8 Hz, 2ArH) , 7.64 
(d, J=8.4 Hz, pyridazinyl H4) , 8.22 (d, J«8.8 Hz, 
2ArH) , 9.13 (d, J=5.0 Hz, pyridazinyl H6) . 
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Sodium (5R,6S) -6-(l (R) -hydroxyethylj -2- (3-pyr idazinyl- 
neth^fltJiroJ^arbaEen^^ 

A suspension of p-ni trobenzyl (5R,6S)-6- 
[1 (R) -hydroxyethyll -2- (3-pyr ida2inyllnethylthio)carba- 
pen-2-eIn 3-carboxylate (5.5 g, 0.012 mol) in a 
mixture of water (0.75 L) , containing sodium 
bicarbonate (1.01 g, 0.012 mol), and tetrahydrof uran 
(0.75 L), was hydrogenated for 2 hours at 40 psig in 
the presence of 20% Pd (OH) (1 g) . The mixture 
was filtered through Solka-Floc and the solution was 
washed with ethyl ether. The aqueous phase concen- 
trated under vacuum to ca. 500 cc and was freeze- 
dried giving (3.80 g) of a yellow solid. Crystalliza- 
tion from methanol gave the title compound (3.57 g) 
as an off-white solid. 
IR (Nujol) B-lactam O max 1740 cro'^ 
UV (HjO) A max 299 (6 8,870) 93% H2NOH 
extinguished 
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NMR (DjO) ^1.26 (d, J=6.5 Hz, CH3CHOH) , 2.99 

(dd, J-8.8, 17.8 Hz, CHgHjj) , 3.23 (dd , J=9.8, 
17.6 Hz, CHgHjj) , 3.36 (dd, Jb2.8, 5.9 Hz, 
H6) , 4.14 (m, CH^CHOH) , 4.14 (m, H5) , 4.28+4.42 
(ABg, Jb14.8 Hz, S-CH2) , 7.83 (dd, Jb4.8, 8.4 
Hz, pyridazinyl H5) , 7.99 (d, J«=8.6 Hz, 
pyridazinyl H4) , 9.12 (d, J=4.8 Hz, pyridazinyl 
H6) . 



STEP C: 




(CHaO)aSOa ^ 
O.lNpH 7 buffer 



10 
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5R, 6S- (1 (R) -Hydroxyethyl) -2- (1 -methyl- 3 -pyr idazinium- 

inethylthio)carbapen-2-ein 3-carboxvlate 

A solution of sodium (5R,6S) -6- (1 (R) -hydroxy- 
ethyl) -2- (3-pyrida2inylmethylthio)carbapen-2-em 
3-carboxylate (1.0 g, 0.0029 mol) in O.IN pH 7 
phosphate buffer (20 cc) was cooled in an ice-bath 
and treated with dimethylsulf ate (2.2 ml, 0.023 
mol). The mixture was stirred rapidly in the cold 
for 120 minutes, while incremental amounts of IN NaOH 
were added in order to maintain a pH range of 6.8 to 
7.2. The suspension was washed with ethylether and 
was loaded on a column of Dowex 50W-X4 resin (sodium 
form, 200-400 mesh, 2.5 cm x 37 cm). The ice-cooled 
jacketed column was eluted with de-ionized water and 
15 25 cc fractions were collected. Fractions 23-63 were 
combined, concentrated under vacuum to 80 cc and 
lyophilized to give 0.55 g of a yellow solid. This 
material was crystallized from ethanol-water to give 
the title compound (0.47 g) as fine yellow needles. 
IR (Nujol) B-lactam O max 1750 cm"^ 
UV (HjO) A max 293 ( 68,610) 89% HjNOH 

extinguished 
NMR (DjO) J" 1.27 (d, J=6.5 Hz, CH3CHOH) , 3.10 

(dd, J=8.5, 17.5 Hz, CHgHj^), 3.30 (dd, J=9.8, 
17.7 Hz, CH^Hjj), 3.43 (dd, J«2.8, 5.9 Hz, 
H6), 4.21 (m, CH3CHOH), 4.21 (m, H5) , 4.38+4.50 
(ABq, J=15.7 Hz, S-CHj) , 4.64 (s, N-CH3) , 
8.51 (dd, J=5.4, 8.2 Hz, pyridazinyl H5) , 8.60 
(d, J=8.0 Hz, pyridazinyl H4) , 9.58 (d, J=5.5 Hz, 
30 pyridazinyl H6) . 

Anal. Calc'd for Cj^5Hj^^N304S.2-l/2H20: 

C, 47.36; H, 5.83; N, 11.04 
Found: C, 47.32; H, 5.77; N, 10.77. 



20 



25 
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EXAMPLE 8 



STEP A: 




>,PNB 




p-Nitrobenzyl (5R,6S) -6- I (1 (R) -hydroxyethyl] -2- (3 
pyridylthio) -carbapen-2'>ein''3*carboxylate 



(diphenylphosphono)oxy 6- [1 (R) ^hydroxyethyl] carbapen- 
2-em-3-carboxylate (434 mg, 0.75 numol) in anhydrous 
acetonitrile (2 ml) was cooled to ca, -20®C under a 
nitrogen atmosphere and treated dropwise over 5 
minutes with a solution of 3-mercaptopyr idine (108 
mg, 0,97 mmol) in acetonitrile (1 ml) followed by 
N,N*diisopropylethylamine (0.169 mlr 0.97 mmol). 
After stirring in the cold for 30 minutes, the 
mixture was diluted with ethyl acetate, washed with 
water and brine, dried over magnesium sulfate, 
filtered, and evaporated under vacuum to give a pale 
yellow foam (343 mg) • This material was dissolved in 
a small volume of ethyl acetate and the solution was 
diluted with ethyl ether and scratched to give the 
title compound (84 mg) as an off-white solid. The 
mother liquors were concentrated and chromatographed 
on three 1 mm x 20 x 20 cm silica gel GF plates using 
ethyl acetate as developing solvent to give additional 
product (113 mg) as a foam. This material was 
crystallized from ethyl acetate-ethyl ether to give 
the title compound (88 mg, 52% total yield) as fine 
white needles. 



A solution of p-nitrobenzyl (5R,6S)-2- 



[4- 
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mp 138-139. 5'C (microhot stage); 

IR (Nujol)Oinax 3540, 1765, 1705, 1520, 1350 cm'^; 
OV (dioxane);| max 267 nm (€:i3,380), 319 nm 
( ei5,050) ; 

NMR (CDCl3)^ ^-31 «a» J=6.2 Hz, CH3CHOH) , 2.69 

(m, CHj), 3.14 (dd, J«2.8 and 6.6 Hz, H6) , 4.15 
(dt, J=2.8 and 9.1 Hz, H5) , 4.21 (dq, J=6.5 Hz, 
CH3CHOH), 5.31 and 5.56 (two d, J«13.7 Hz, 
CH2Ar), 7.36 (dd, J=4.8 and 8.0 Hz, pyridyl 
H5), 7.69 (d, J=8.8 Hz, 2ArH) , 7.90 (ddd, J=1.4, 
1.8 and 8.0 Hz, pyridyl H4) , 8.25 (d, J=8.8 Hz, 
2ArH), 8.69 (dd, J=1.4 and 4.8 Hz, pyridyl H6) , 
8.79 (d, J=1.8 Hz, pyridyl H2) . 

Anal. Calc'd for C^j^Hj^gN^OgS: 

C, 57.14; H, 4.34; K, 9.52; S, 7,26 

Found: C, 56.65; H, 4.35; N, 9.34; S, 7.63. 
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STEP B: 




(5R, 6S) "6- [1 CR) -Hydroxyethyll -2- [ (l-inethyl-3- 
pyridinium) thiol carbapen-2-ein-3-carboxylate 

A solution of p-nitrobenzyl (5R, 6S) -6- (1 (R) - 
hydroxyethyl] -2- (3-pyr idylthio)carbapen-2-em-3- 
carboxylate (110.4 ing, 0.25 ininol} in anhydrous 
methylene chloride (2.5 ml) was cooled in an ice bath 
under a nitrogen atmosphere and treated with methyl 
tr if luoromethanesulfonate (31 yl, 0.274 mmol) . The 
mixture was stirred in the cold for 60 minutes. The 
solvent was decanted from the oily precipitate which 
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was washed with methylene chloride and dried under 
vacuum* The gummy residue was taken up in 
N,N-diroethylacetamide (2 ml) , n-butanol (10 ml) , 
ethyl acetate (5 ml), water (10 ml), and 0.5M pH 6.8 
5 N-methylmorpholine-hydrochloric acid buffer (5 ml) , 
treated with 20% palladium hydroxide on carbon (50 
mg) , and hydrogenated at 45 psi for 75 minutes. The 
mixture was filtered through celite to remove the 
catalyst which was washed with more water. The 
10 aqueous portion of the filtrate was washed with 
methylene chloride and ether, concentrated under 
vacuum to ca. 3 ml, and loaded onto a column of Dowex 
50W-X4 resin (sodium form, 200-400 mesh, 1.5 x 30 
cm) . The column was eluted with water in a cold 
15 room; 170 drop fractions were collected. Fractions 
15-25 were combined, concentrated under vacuum to 15 
ml, filtered through a 0.45 y filter, and lyophilized 
to give the title compound (47 mg) as a yellow, 
amorphous powder. 
20 IR (Nujol)Omax 1755, 1594 cm"^? 

UV (0.05M pH 7.0 MOPS buffer)Amax 274 nm (^7,710), 

296 nm ( e8r240) ; 
UV (buffer + NH2OH.HCI) A max 266 nm (€ 4,480), 316 

nm (€.1,780) and extinguished /\max 296 nm (£ext. 
25 6,790); 

NMR (D2O) ^ 1.25 (d, J=6.4 Hz, CH3CHOH) , 2.80 
(dd, J=9.9 and 17.5 Hz, CH^Hj^) , 2.94 (dd, 
J=8.5 and 17.5 Hz, CH^H|^) , 3.45 (dd, J=2.9 
and 5.9 Hz, H6) , 4.23 (m, H5 and CH3CHOH) , 4.41 
30 (s, NCH^) , 8.04 (dd, J«6.0 and 8.2 Hz, pyridyl 

H5), 8.63 (br d, J=8.2 Hz, pyridyl H4), 8.78 (br 
d, J=6.0 Hz, pyridyl H6) , 9.01 (br s, pyridyl H2) . 
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EXRMPIE 9 
STEPS 7. - E - 



'6 



CHj CH, CH, 

HCHO M-Hv SOa, M-»*v KSAe 



Et.N 
HQ 




1 , 4-Diine thyl-5-mercaptomethyl-l , 2 , 4-tr iazoliun 
trif luoromethanesulfonate ; 

Step ^ - 5-Hvdroxvniethvl-l-inethvl-l,2>4-tria2ole 

A solution of l-inethyl-l,2,4-tria20le (4.16 
g, 0.05 mol) in formalin (20 ml) was heated overnight 
in a sealed tube at ISS^C. After cooling, the 
solvent was evaporated under vacuum to give a clear 
liquid that partially solidified on standing. This 
material was distilled to give a white, crystalline- 
solid (4.65 g) bp. ca. 110«'C/0.25 mm. The solid 
product was recrystallized from ethyl acetate-hexane 
to afford the title compound (3.78 g, 67%) as white 
crystals. 

IR (Nujol)-C?max 3180, 1505, 1290, 1200, 1045, 
1000 cm~^; 

NMR (CDCI3) ^ 3.95 (s, CH3), 4.75 (d, J=6.5 Hz, 

CHj), 5.49 (t, J»6.5 Hz, OH), 7.78 (s, H5) ; 

Anal. Calc'd for C.H_N,0: 

4 7 3 

C, 42.47; H, 6.24; N, 37.15 
Found: C, 42.67; H, 6.16; N, 37.35. 
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Step B. 5-Chloroinethyl-l-inethyl-l,2,4-triazole 
hydrochloride 

The hydroxyroethyl triazole from Step 1 (1.00 
g) was added to ice-cold thionyl chloride (4 ml) and 
the resulting mixture was heated at reflux for 25 
minutes. Excess thionyl chloride was evaporated 
under vacuum. The solid residue was recrystallized 
from ethanol-ethyl acetate to give the title compound 
(1.17 g, 79% yield) as white crystals. 

IR (Nujol)<?roax 1585, 1400, 1265, 1250, 960 cm'^; 
KMR (DjO) ^ 4.07 (s, CH3), 4.85 (s, HOD), 5.04 

(s, CHj) , 8.53 (s, H5) ; 
Anal. Calc'd for C^HjCl^Vy. 

C, 28.59; H, 4.20; N, 25.01 
Found: C, 28.73; H, 4.16; N, 25.00. 

Step c. 5-Acetvlthiomethvl-l-methvl-l,2.4-triazole 
A mixture of the chloromethyltr iazole from 
Step 2 (609 mg, 3.63 mmol) and potassium thiolacetate 
(497 mg, 4.36 mmol) in anhydrous acetonitrile (7.3 
ml) was treated with a speck of dicyclohexano-18- 
crown-6 and with tr iethylamine (531 yl, 3.81 mmol). 
The resulting mixture was stirred at room temperature 
for 3 hours. The mixture was filtered and the solids 
washed with acetonitrile. The filtrate and washings 
were evaporated under vacuum to a residue which was 
triturated with three portions of ethyl acetate. The 
ethyl acetate extracts were filtered, washed with 
brine, dried over magnesium sulfate, filtered, and 
evaporated under vacuum to afford the title compound 
(526 mg, 85%) as an orange liquid. 
NMR (CDCl3)^2.40 (s, CH3CO) , 3.91 (s, CH3) , 
4.26 (s, CH^), 7.80 (s, H5) . 
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Step D . 5-Acetylthioinethyl-l,4-diinethyl-lr2,4-tri- 

azolium tr If luoromethanesulfonate 

A solution of 3-acetylthioniethyl-2-inethyl- 
l,2,4-tria2ole (244 ing, 1.43 ininol) in anhydrous 
methylene chloride (1.4 ml) was cooled in an ice bath 
under a nitrogen atmosphere and treated with methyl 
tr if luoromethanesulfonate (194 yl, 1.71 mmol) • The 
resulting mixture was stirred in the cold for 30 
minutes, then evaporated under vacuum. The residue 
was triturated three times with diethyl ether, then 
dissolved in anhydrous methylene chloride and 
evaporated under vacuum to afford the title compound 
(484 mgr 100%) as a viscous orange oil. 
NMR (DjO) ^ 2.43 (s, CH3CO) , 3.95 (s, CH3) , 

4.14 (s, CH3) , 4.62 (s, CH2) r 4.78 (s, HOD), 
8.72 (s, H5). 

StepE . l,4-Dimethyl-5-mercaptoroethyl-l ,2 ,4-tria20lium 

tr if luoromethanesulfonate 

A solution of the product from the preceding 
step (484 mg, 1.43 mmol) in anhydrous methanol (1.4 
ml) was treated with trif luoromethanesulf onic acid 
(127 plr 1.43 mmol) and kept at room temperature for 
18.5 hours. The solution was diluted with ethyl 
ether to precipitate the product as an oil. The oil 
was washed four times with ethyl ether, diluted with 
anhydrous methylene chloride, and evaporated under 
vacuum to provide the title compound (344 mg, 82%) as 
a pale orange oil. 

NMR (DjO) ^ 3.93 (s, CH3) , 4.08 (s, CH3) , 4.25 
(s, CH2)r 4.78 (s, HOD), 8.72 (s, H5) . 
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STEP F : 




(5R,6S) -2- (l,4-Diinethyl-l,2,4-tria20l-5-iuin)methyl- 
thio-6- [1 (R) -hydroxyethyllcarbapen*2-ein-3-carbdxylate 
p-Nitrobenzyl (5R,6S) -2- (diphenylphosphono) • 
oxy-6-[l(R) -hydroxyethyllcarbapen-2-ein-3-carboxylate 
(488 mg, 0,84 nunol) was added all at once to a 
solution of l,4-dimethyl-5-inercaptdinethyl-l,2,4- 
triazolium tr if luoroinethanesulf onate (370 mg , 1.26 
mmol) in anhydrous N,N-diinethylacetainide which was 
cooled to -20*C under a nitrogen atmosphere. The 
resulting solution was treated dropwise over 7.5 
minutes with a solution of N^N-diisopropylethylamine 
(220 yl, 1.26 mmol) in dimethylacetamide (0.4 ml) and 
stirred an additional 30 minutes at -20*'C. The 
reaction mixture was diluted with n-butanol (40 ml), 
ethyl acetate (20 ml) , water (40 ml) and 0.5M pH 6,8 
N-methylmorpholine-hydrochlor ic acid buffer (20 ml), 
treated with 20% palladium hydroxide on carbon (250 
mg), and hydrogenated at 45 psi for 90 minutes. The 
mixture was filtered through a celite pad to remove 
the catalyst which was washed with water. The 
aqueous portion of the filtrate was washed with 
methylene chloride (3x) and ethyl ether, concentrated 
under vacuum to ca. 20 ml, and loaded onto a column 
of Dowex 50W-X4 resin (sodium form, 200-400 mesh, 200 
ml) . The column was eluted with water in a cold 
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room; 400 drop fractions were collected every 4.6 
minutes. Fractions 13-18 were concentrated under 
vacuum to 22 mX, filtered through a 0.45 y CR 
acrodisc, and lyophilized to afford the title 
compound (121 mg) as a white amorphous solid. 
IK (Nujol)<^max 3320 (br), 1760, 1595, 1565, 
1240 cm"^; 

UV (0.05M pH 7.0 MOPS buffer) X^ax 294 nm (98% 
NH^OR extinguished, £ext. 6,770); 

NMR ID^O) S 1.29 (d, J»6.4 Hz, CH3CHOH) , 3.17 
(dd, J«8.6 and 17.4 Hz, CH^H^^) , 3.32 (dd, 
J=9.8 and 17.4 Hz, CH^H^) , 3.50 (dd, J«2.9 
and 5.9 Hz, H6) , 3.96 (s, NCH^) , 4.12 (s, 
NCH3), 4.25 (ra, H5 and CH3CHOH) , 4.80 (s, 
HOD), 8.77 (8, triazolium H) . 
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EXAMPLE TO 

Utilizing the procedures of Examples 1-9 
the following conpounds are prepared: 

5 HO 



10 



15 



20 



25 



30 
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6 -CH^' 



CH2CH3 
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63 -CHj 

S 

64 

10 

65 

15 

66 - 



20 

67 



25 

68 



30 

69 
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? 

78 -CH^- " CH2PXOH)OCHj 

79 " " ' CHjSOjH 

5 

80 " " CH^COKMe^ 

81 - - CHjSOCHj 
10 62 - " CH^KMe^ 

N N 

83 " - CH- 

15 H 



30 



84 " \ CHjOCHj 




20 



85 " " CHjSCHj 

25 86 - - CHjSOCHj 

87 " " CHjSOjCHj 



88 " " CHjCO^H 

89 • " CHjCONMej 



BNSCXDCIO: <EP 0167139A1 J_> 



0167139 



2360P/0e40A 
2361P/0840A 



-85" 



16330IK 



90 -CH. 



0. 

CH2P<0H)0CHj 



91 
92 



CH^SOjH 



CHjCN 



93 



CH^NMe^ 



10 94 



CH^CH-NMe. 
2 2 2 



15 



95 




CH^OCHj 



96 



CH^NMe^ 



20 



97 
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2 2 2 



CHjCN 



99 



CH2SCH3 



25 100 



CHjSOCHj 
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CH^S02CH3 



CH^CO^H 



CHjCONMej 
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104 
105 



-CH«- 



O 
T 

CH2p<OH)OCH 



CH2SO3H 



106 



10 




CHjCH^CHjCHj 



CH. 



IS 



107 -CHjCHjCH^- 




20 108 -CHjijrH- 



CHjOH 




25 



109 -CHj- 




OH 



30 
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EXAMPLE 11 

tftiliiing the pcoceduces of Bxaaples 1-9, 
the following compounds ace prepared: 



10 



Com- 
pound 
No. L 



15 



HO 



1 H H 




(R ) 



1-3 

e 



1-3 



1 CH. 



20 




CH. 



CO^H 



2 
3 



2S 



30 



5 
6 



CONH. 

4 

CN 
OH 



SO^NH^ 



SO^H 



NMe^ 
COKMe 
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9 * " " CH2NMe2 

' 10 " ' ■ ■ • . ^ ( i -.i^CH^CN 

11 " " " CHjjCONH^ 

12 " " " CH^COjH 

13 " " " CH-SCH- 

'.: i 3 

14 " , " " CHjSOCHj 

15 " " " CH^SOjCH^ 
15 16 " " " SOjCHj 

17 " * ' . " SOCHj ' 

\ N-JI 

20 18 " - - CHy_A ^ 



19 " - " CHjCHjjCOjH 

20 - " CHjSOjH 

21 - - " CHjOCHj 

30 O 

22 * " CH,P-OH 

2 V 

^OCH 



BNSOOCID: <EP 0167139A1J_> 



» c 



2360P/0840A 
2361P/oe40A 



-102- 



0167139 



16330IK 



23 
24 



* CHjCH^SOjH 



CF. 



10 



15 



20 



25 



26 



27 



28 



29 



30 




O 
II 

CHgOCNH 



CH^SOjNH^ 



Br 
CI 
F 



COjH 



25 



31 
32 
33 



CONH, 

4 

CN 
OH 



30 



34 



SONH. 



BNSOOCID: <EP 0167139A1J_> 



• • • 



2360P/0B40A 
2361P/0840A 



10 



20 



0167139 

-103- 16330IK 



35 " " " SOjH 

■*36 " . " " NMe^ 

37 * " " CONMej 

38 " " " CHjjNMe^ 

39 " ' " - CHjCN 

40 " " " CHjCONHj 

41 - " " CH^COjH 
15 41 - " " CH2SCH3 

43 " " " CHjSOCHj 



44 " " " CHjSOjCHj 

45 " " " SOjCHj 

46 - •• " SOCH3 

25 N-N 



47 " * " CHj 



f 

H 



30 48 " " " CH^CH^CO^H 

49 - " " CH^SOjH 

50 - - " CH OCH 

2 3 
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O 

51 ■ * CH-P-OH 

2 \ 

OCH3 

5 52 ■ • • CHjCHjSOgH 

53 " " • CFj 

? 

10 54 - " " CH^OCNHj 

55 " " ■ CHjSO^NH^ 



15 



20 



25 



56 - - " CH^SO^NMe^ 



57 • \// \ • COjH 




58 " " - CONHj 



59 " " CN 



60 " - " OCHj 

61 - - " SOjNH^ 
30 62 - " • SOjH 

63 - " NMe^ 
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64 



CONMe. 



65 
66 
67 



CHjCN 



CHjCONHj 



10 



68 
69 



CHjCOjH 



" CHjSCHg 



70 



CH^SOCHg 



15 71 



CHjSO^CHj 



72 



SOjCHj 



20 



73 



74 



SOCH. 



CH. 



I 

H 



25 



75 



" CHjCHjCO^H 



76 



CH^SOjH 



30 77 



CH^OCHj 



BNSDOCID: <EP 0167139A1J_> 



0167139 



2360P/0840A 
2361P/0840A 



-106- 



16330IK 



78 



O 

N>CH. 



79 
80 



CH^CHjjSOjH 



CF. 



10 



15 
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85 
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CH^OCNH^ 



CH^SO^NH^ 



CH^SO^NMe^ 



I 

H 



CO^H 



30 



86 
87 
88 



CONH. 



CN 



OCH. 
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SO3H 



CONMe. 



CH^NMe^ 



CHjCN 



CH CONH 



CHjCOjH 



CHjSCHj 



CHjSOCHj 



SO2CH3 



SOCH. 



30 



102 



CH. 



N-N 
I 

H 



103 



CHjCHjCO^H 
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CHjSOgH 



CH^OCHj 



O 

CHj'P-OH 
\>CH. 
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CH^CHjSOgH 
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15 



20 



25 
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110 
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113 -CHj- 




i 

.Oct 



CHjOCNH^ 



CH^SO^NH^ 



CH^SO^NMe^ 



H 



COjH 



30 114 • 
115 • 



CONH. 



CN 
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116 



OCH, 



117 



118 



SO3H 



10 



119 
120 
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NMe^ 
CONMe. 



CH^NMe^ 



CH2CN 



15 123 



CH^CONHj 



124 



CH2CO2H 



20 



125 
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CH2SCH3 



CHjjSOCHj 



127 



CH2SO2CH3 



25 128 



SO2CH3 
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SOCH. 



30 130 
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CN 
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COjH 
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CONH, 



CN 



SOjNHj 



SO3H 



NMCj 
CONMe. 



CH^NMe^ 



CHjCN 



CH-CONH, 
2 2 



CHjCO^H 



CHjSCHj 
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CHjSOCHj 



CH^SO^CHj 



SO2CH3 



SOCH_ 

«9 
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H 

15 * " • *="2C«2C02H 

• CHgSOjH 

• CH^OCHg 



CHj^-OH 
OCH. 



25 • CH2CH2SO3H 

• CF^ 



• CHjSO^NHj 
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25 261 
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264 



CONH. 



CN 



OH 



SO3B 



CONMe. 



CHjNMCj 



CHjCN 
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CHjCOjH 



CHjSCHj 



CHjSOCHj 
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P 

275 • • . \\ 



CH-OCNH, 
2 2 



30 CH^SO^NH^ 
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10 



20 



2b 



L l« a coval^nt bond oc a bridging gcoup selected 
from -(CH2)j^_^S-: .CCH^j)^ 
-t'^7>i.^-*-CCHj^)j ^ where X it O. 
S. NH. or N(Cj-C^>«lkyl); subttlti^tad or 
vnsubstituted C^-p^ stciight. Cj«C^ 
bcanchtd or C^-c^ eyeloalkyl gceup* 
irhereln the substltuants ara ••Itetad from 
Cj-Cg alltyl. O-Cj-Cj alkyl. 
•-^1 «lkyl. halo, OH. CFj, CM. 
IIH2. NHC^-Cg alkyl, HtC^-Cg 
• IKyDjj. CO^H, COm^, CONH (C^-C^ 
alltyl). and COMCC^-C^ alkyD^: 



.3 



^■^^^^B" is a »ono- or bleyclic hettrearrlium group 

containing froa S-IX clng atoas of which up 
5 ara beteroatoas wherein R* ist 
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1} an unsubstituted oc substituted 

C^-Cg alkyl tadlcal: , , . 

2) an unsub&tituted or substituted 



C,-C^ alkenyl radical: 
3) an unsubstituted or substituted 



Cj^-Cg alKynyl radical: 

4) a Cj-'ty cycloalkyl radical In which 
ttve c^^$.n$ is substituted or 
unsubstituted and ;one or more atoms may 

10 be replaced by a heteroatom; 

5) a Cj-C^ cycloalkyl methyl radical 

in which the ring may be substituted 
and one or more atoms may be replaced 

by a heteroatom; 

■ c • ic ^- . 'i t; * , r 

15 6) an xinsubstituted or substituted 

-J} - t . i^'.*^::- 

C--C- cycloalkenyl radical: 

^ : >t . > , t . ■ • • 

7) an uhsubstitt)ted\or substituted 

bivalent C.-C. alkylidene radical* 

. J* . i e *; • ^ ' J : • > 

* optionally interrupted by a heteroatom* 

20 *^*^and joined tb the heteroarylium group 

to form a ring which is carbocyclic or 

' -. , ■ " ,% » ' 

in which one*or'>more atoms is replaced 

"by a heteroatom. The new -ring may 

contain one or more double bonds; 

, . / - 

25 8} "^n ^insubstitUted or substituted phenyl 

or *liSBte'roaryl jfadical? . 

9) an unsubstituted or substituted j^h4nyl 

{C,-C^ alkyl) or heteroaryl ^ * , 

^ (Cj^-C^ alkyl) radical; ^ 

30 10) a cyano <C^-C^ alkyl) radical: 



ft' 
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13) a carbamoyl (C^^-C^ alKyl) radical; 

12) a hydroxy (C^^-C^ alkyl) radical; 

13) aa amino iC^-C^ alkyl) radical in 
which the nitrogen atom is 
unsubstituted or substituted with one 
to three C^-C^ alkyl groups; 

14) so tcidic side-cbtio of the structure -<CH,)^-X-(CH,)^-Y-A where: 
n - 0-4 

m - 0-4 

X - CHR». CH-CH. pbenyleoe (-CJI.-). NH. N(C1-C4 alkyl). 
O. S. S-O. C-O. SO^ SO^H. CO^ CONH.OCO, OC-O. NHC-O; 

R' - H. 0(C1-C4 ilkyi). NH,, NH(CI>C4 ilkyl). N(CI.C4 «Ikyl)y 
CN. CONH,. CON(CI.C4 alkyl),, CO,H. SO,NH,, 

SO,NH(Cl-C4 alkyl); 

Y - single bond, NH. N(CI-C4 alkyl). O. S; 
A B an acidic function; 

wherein the substituents in the above definitions of 
R are independently selected from the group 
consisting of the definitions of H* set out below; 
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is independently selected from: 

a) a trif luoromethyl group: 

b) a halogen atom: 

c) an unsubstituted or substituted 
C^-yC^ alkoxyl radical; 

d) a -hydroxy group; 

e) an un^ubstituted or substituted 
(C^-C^ alkyl) carbonyloxy radical: 

f) a carbamoyloxy radical vhich is 
unsubstituted or substituted on 
nitrogen with one or two Cj^-C^ 
alkyl groups: 

g) a C^-Cgalkylthlo radical, 
Cj^-C^ alkylsulf inyl radical or 
C,-C^ alkylsulf onyl radical, each 
of which is unsubstituted or 
substituted on the alkyl group: 

h) a sulfamoyl group which is 

unsubstituted or substituted on 
nitrogen by one or two C^^-C^ alkyl 
groups: 
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i) 



1) 
n) 
n) 



o) 

P) 
r) 



s) 



t) 



u) 
v) 



an amino group; 

a mono (C^-C^ alkyl) amino oc 

di(C^-C^ alkyl )amino group, each of 

vhicb Is unsubstituted or substituted 

on the alkyl group: 

a formylamino group: 

an unsubstituted or substii.uted 

tC^-Cg alkyDcarbonylamino radical: 

a ^*^1~C4 alkoxyl) carbonylamino 

radical: 

a ureido group In which the terminal 
nitrogen is unsubstituted or 
substituted with one or two C^-C^ 
alkyl groups; 

a (C^-Cp alWl) sulf onar'i.do group; 
a cyano group: 

a formyl or acetalized formyl radical: 
an unsubstituted or substituted 
(Cj^-Cg alkyDcarbonyl radical 
wherein the carbonyl is free or 
acetalized: 

an unsubstituted or substituted 
phenylcarbonyl or heteroaryl'carbonyl 
radical: 

a hydroximinomethyl radical in which 
the oxygen or carbon atom is optionally 
substituted by a C^-C^ alkyl group; 

a alkoxy)carbonyl radical: 

a carbamoyl radical which is 
unsubstituted or substituted on 
nitrogen by one or two C^^-C^ alkyl 
groups: 
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w) an N-hydroxycarbamoyl or N(C,-C^ 

1 4 

alkoxy>carbamoyl cadical In which the 
nitrogen atom may be additionally 
substituted by a C^-C^ alkyl group: 
S X ) a thiocarbamoyl group; 



10 



15 



an amidino group — N''''''^ N-R^ 



R 



5 



-N '^N-R*' 



S 6 7 
Where R « B and R are 



independently hydrogen. C^-C^alkyl 
or wherein two of the alkyl groups 
together form a Cj-C^alkylidene 
20 radical optionally interrupted by a 

heteroatom and joined together to form 
a ring: 

25 z) a carboxanidino group C . where 

/ \ 6 7 
/ NR R 

5 6 7 
R « R and R are as defined 

above: 

30 a guanidinyl group where R^ in y ) 



above is NR^r' and R® and r' 

5 7 
are as defined for R through R 

above . 
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ab) hydrogen: 

ac) an unsubstituted or substituted 
C^-Cg alkyl radical: 

a<a) an unsubstituted or substituted 
C^-C^ alkenyl radical: 

ae) an unsubstituted or substituted 
C^-Cg alkynyl radical: 

af) a Cg-C^ cycloalkyl radical in which 
the ring is substituted or 
unsubstituted and one or more atoms may 
be replaced by a heteroatom; 

ag) a Cj-C^ cycloalkyl methyl radical 

in which the ring may be substituted 
and one or more atoms may be replaced 
by a heteroatom: 

ah) an unsubstituted or substituted 
^5-0^ cycloalkenyl radical: 

aj.) an unsubstituted or substituted phenyl 

or heteroaryl radical: 
aj) an unsubstituted or substituted phenyl 

<Cj^-C^ alkyl) or heteroaryl 

(C -c alkyl) radical: and 
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ak) an acidic side chain of the structure 



X - CHR* CH-CH. phcnylene (-C^^-). NH. N(C1-C4 alkyi). 
O. S. S-O. C-0. SO, SOjNH. CO, CONH.OCO, OC-O. NHC-O; 

R* - H. 0(CI-C4 tlkyl), NH^ NH(C1-C4 tlkyl), N(C1-C4 »lkyl),. 
CN. CONH,. CON(Cl-C4 «Ikyl),. CO,H. SO,NH,, 

SO,NH(Cl-C4 tlkyl); 

Y - single bond. NH. N(C1-C4 tlkyl). O. S; 
ji m an acidic function 



-A or - (CH-) -X- (CH-) -Y-A where: 
<£ n 2 in 

n • 0-4 



m - 0-4 
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Y 18 selected from: i) COOH or a pharmaceu- 

tically acceptable, 
ester or salt thereof. 
II) COOK^ wherein is 
^ a removable carboxy 

protecting group, 
lii) COOM wherein M is an 
alkali metal, or 
iv) COO®; provided that 
^° when Y is other than 

Iv) a counterion Z® 
is provided. 

2. A compound of Claim 1 wherein L is 
15 substituted or unsubstituted branched or linear 
Cj^-C^ alkyl. 

^«'>l-3 



20 3. A compound of Claim 2 wherein C^^^^J^^^ 

is monocyclic heteroarylliim. 

^^''>l-3 

25 ' ' 



4. A compound of Claim 3 wherein — ^^^i^R^ 
is a pyridlniian group. 

30 5. A compound of Claim 4 wherein is an 

unsubstituted or substituted C^-C^ alkyl group. 
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6. A compound of Claim S wherein L is 

-CHCCHj)- or -iCH^y^-. 

7* A compound of Claim 1 vhereln the compound is a member 
selected from the group consisting of: 

HO 



10 




15 



20 



Com- 
pound 
No. L 



1 -CH.- 




CHjCH^CHj 



CH2CH3 



25 




CH^CH^CH^ 



30 



CH^CHj 




CH2CH2CH3 
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6 -CH^- 



CH^CHj 



10 8 





CH. 



® 



CH, 
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20 



CH. 




® 



10 
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H3C 
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? 

78 -CHg- ■ CH2PXOH)OCH2 

79 " " CH^SOjH 

5 

80 " " CH^CONMe^ 

81 " • CH^SOCHj 
10 82 " " CH2NMe2 

K N 

83 " * CH,-/^ 

I 

15 H 



30 



84 - \ CHjOCHj 




20 



85 " " . CHjSCHg 

25 86 " " CH^SOCHj 

87 " " CHjSO^CHj 



88 " CHjCOgH 

89 " " CH^CONMCj 
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90 -CH,- 
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10 94 
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CH2P<OH)OCHj 



CH^SOgH 



CH^CN 



CHjNMe^ 



2 2 2 
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104 -CH,- 



O 

CH2?XOH)OCH3 



105 



CH2SO3H 



106 



10 




CHjCHjCHjCHj 
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CN 

OH 
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NMe^ 



CONMe^ 
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2 2 



CH-CN 

10 2 



CH.CONH, 
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CHjCO^H 
CHjSCHg 
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CONHe. 



CHjjNMe^ 
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CHjCONHj 



CH^CO^H 
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SOCH. 
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CH^SOjH 
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O 

NicH. 



79 



CHjCH^SOjH 



80 



10 



81 
82 



O 



CH2OCNH2 



CH-SO-NH_ 
2 2 2 



15 



83 



84 



CH^SO^NMej 



85 



2S 




COjH 



86 
87 
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CONH, 



CN 



• 8 



OCH. 
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90 



SO3H 



10 



91 
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94 
95 



NHe^ 
CONMe. 



CH^NMe^ 



CH^CN 



CHjjCONHj 



lb 96 



CH^COjH 



97 



CHjSCHj 



20 



98 



99 CH, 



CHjSOCHj 



100 



SO2CH3 



25 101 



SOCH. 



30 



102 



N. 



CH. 



N_K 

I 

H 



103 



CH^CHjCO^H 
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CHj'f-OH 
\)CH, 



CH^CHjSOjH 



CF, 



CH^OCNH^ 



CH^SOjNH^ 



CH^SOjNMej 
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30 114 

115 



CONH. 



CN 
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OCH. 



SO3H. 



NMe^ 
CONMe. 



CH^NMe^ 



CH^CN 



CH^CONH^ 



CH2CO2H 



CH2SCH3 



CHjjSOCHj 



CH2SO2CH3 



SO2CH3 



SOCH. 



I 

H 
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9. The combination of a conpound of Claim 1 and a 
"DHP Inhibitor. 



10. A combination of Claim o vhereln the DHP Inhibitor 

Is 7-(l.-2-amlno-2-carboxyethylthio)-2-(2,2-dimethylcyclopropane- 
carboxamlde)-2-heptenoie add. 

11. A pharmaceutical composition for antibiotic use 
comprising an antlbacterlally effective amount of a compound of 
Claim 1. an inhlbitorily effective amount of a DHP inhibitor, 
and, optionally, a pharmaceutlcally acceptable carrier. 

- 12. A pharmaceutical composition according to Claim 11 
wherein the DHP Inhibitor is 7-a-2-amino-2-carbo3cyethylthio)-2-(2.2- 
dlmethylcyclopropanecarboxaolde)-2-heptenolc acid. 
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13. A compound of Claim 1 of the structure: 




wherein 

is C^_^ alkyl; or an acidic sidechain of the 

structure - {CH,)„-X- (CH-) -Y-A where: 
^ n ^ n 

n - (M 
m • 0-4 

X - CHR^ CH-CH, phenylcne (-C.H,-). NH. N(C1-C4 «lkyl), O, S, S-O, C-0» 
SOy SO,NH. COy CONH,OCOy OC-0. NHC-O; 

R* - H. 0{C|.C4 tlkyl). NHj. NH(CI-C4 tlkyl). N(C1-C4 «Ikyl),. CN. CONH^ 
CON(Cl-C4 alkyDy CO,H. SD,NHy S0,NH(C1-C4 alkyl); ' ' 

Y - single bond. NH, N(CI-C4 nlkyl), O, S; 
A • an acidic function ; 
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is hydrogen; cyano; or an acidic side-chain 
of the structure -A or - (CH,) -X- (CH-) -Y-A 
where 
n - (M 
5 m - 0-4 

X - CHR^ CH-CH, phcnylenc {-CJI.-X NH, N(C1.C4 alkyi), O. S. S-O. C-O, 
SO^ SOjNH. COy CONH.OCOy OC-0, NHC-O; 

R» « H, 0(C1.C4 alkylX NH^ NH(C1-C4 tlkyl). N(C1-C4 alkyl)^ CN. CONH,. 
IC CON(CI-C4 alkyi),, CO^H, SO,NHy SO,NH(Cl-C4 alkyl); ^ * 

Y - single bond, NH, N(C1-C4 alkyl), O. S; 

A • an acidic function ; 



15 provided that or must be an acidic side-chain. 



14. A compound of Claim 13 wherein the acidic 
function -A is a member selected from the group 
consisting essentially of carboxy (CO,H), phosphono IP-0(0H),1, 

2:) alkylphosphono (P-0(0H)[0(C1-C4 alkyl)]), alkylphosphinyl IP-0(0HXC1-C4 
alkyl)], substituted phosphoramido IP-0(0H)NH(C1-C4 alkyl) and 
P-0(OH)NHR''l, sulfino (SO,H), sulfo (SO,H), S-tetrazolyl (CN^H), 
arylsulfonamido (SO,NHR*) and acylsulfonamidcs represented by the structures 

25 CONHSO,(Cl-C4 alkyl), CONHSO,N(Cl-C4 alkyl), SO,NHCO(Cl-C4 alkyl) and 
SOjNHCOR* wherein R^ = aryl or heteroaryl. 



15. A pharmaceutical composition for antibiotic 
use comprising an antibacterially effective amount of 
a compound of Claim 14, an inhibitorily effective sunount 
of a DHP inhibitor, and, optionally, a pharmaceutical 
carrier. 
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